Single Molecule Detection Systems and Methods by Williams, John G. K. & Bashford, Gregory R.
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Biomedical Imaging and Biosignal Analysis
Laboratory Biological Systems Engineering
10-10-2006
Single Molecule Detection Systems and Methods
John G. K. Williams
Gregory R. Bashford
University of Nebraska - Lincoln, gbashford2@unl.edu
Follow this and additional works at: http://digitalcommons.unl.edu/biba
Part of the Biochemistry, Biophysics, and Structural Biology Commons, Bioinformatics
Commons, Health Information Technology Commons, Other Analytical, Diagnostic and
Therapeutic Techniques and Equipment Commons, and the Systems and Integrative Physiology
Commons
This Article is brought to you for free and open access by the Biological Systems Engineering at DigitalCommons@University of Nebraska - Lincoln. It
has been accepted for inclusion in Biomedical Imaging and Biosignal Analysis Laboratory by an authorized administrator of
DigitalCommons@University of Nebraska - Lincoln.
Williams, John G. K. and Bashford, Gregory R., "Single Molecule Detection Systems and Methods" (2006). Biomedical Imaging and
Biosignal Analysis Laboratory. 15.
http://digitalcommons.unl.edu/biba/15
United States Patent 
US007118907B2 
(12) (10) Patent N0.: US 7,118,907 B2 
Williams et al. (45) Date of Patent: Oct. 10, 2006 
(54) SINGLE MOLECULE DETECTION SYSTEMS 4,415,732 A 11/1983 Caruthers et a1. 
AND METHODS 4,458,066 A 7/1984 Caruthers et a1. 
4,725,677 A 2/1988 Koster et a1. 
(75) Inventors: John G. K. Williams, Lincoln, NE i 1;‘; giabmsky 
. ~ , , era 
§JES)(’U(S;)reg°ry R‘ Bashford’ Lmcoln’ 4,855,225 A 8/1989 Fung et a1. 
4,973,679 A 11/1990 Caruthers et a1. 
. , . 4,979,824 A 12/1990 Mathies et a1. 
(73) Ass1gnee: Ll-Cor, Inc., Lmcoln, NE (US) 4,980,460 A 0/1990 Molko et a1‘ 
5,047,519 A 9/1991 H bb , J. t l. 
( * ) Notice: Subject to any disclaimer, the term of this 0 S r e a 
patent is extended or adjusted under 35 (Continued) 
USC‘ 1540’) by 424 days‘ FOREIGN PATENT DOCUMENTS 
(21) APP1- NO-I 100641685 W0 WO 98/28440 A1 7/1998 
(22) Filed: Jun. 5, 2002 (Continued) 
(65) Prior Publication Data OTHER PUBLICATIONS 
Ishikawa et 31., “Single-Molecule Detection by Laser-Induced Fluo 
US 2003/0186255 A1 Oct’ 2’ 2003 rescence Technique with a Position-Sensative Photon-Counting 
Related U 5 Application Data Apparatus,” Jpn. J. Apple. Phys, 33:1571-1576 (Mar. 1994). 
(63) Continuation-in-part of application No. 09/876,375, (Commued) 
?led on Jun. 6, 2001. Primary Examinerileifrey Fredman 
- - - - Assistant ExamineriTeresa StrZelecka 60 P l l t N .60/381864 ?l d M ( ) 1203183021121 app lea Ion O ’ ’ e on ay (74) Attorney, Agent, or FirmiToWnsend and Townsend 
’ ' and CreW LLP; Gerald T. Gray 
(51) Int. Cl. 
C12M 1/34 (2006.01) (57) ABSTRACT 
52 5152/00 (2006'01)435/287 1_ 4 3 5 / 2 87 2_ A micro?uidic system is provided that includes a substrate, 
( ) ' ' 435/288'3f 435/288'4f a ?rst microchannel disposed in the substrate for providing 
' ’ ' ’ 435/288‘ 435/288'7’ a reactant to a reaction Zone, a second microchannel dis 
_ _ _ ' ’ ' posed in the substrate, and a third microchannel disposed in 
(58) Field of Classi?cation Search ........... .. 435/287.1, the Substrate, the third microchannel providing ?uid Com_ 
435/2872’ 2873’ 287'9’ 2883’ 288'4’ 288's’ munication between the ?rst and second microchannels. The 
_ _ _435/288'7 system also typically includes ?rst and second electrodes, 
See apphcanon ?le for Complete Search hlstory' positioned at opposite ends of the second microchannel, for 
(56) References Cited providing an electric ?eld Within the second microchannel. 
U.S. PATENT DOCUMENTS 
3,687,808 A 8/1972 Merigan, Jr. et a1. 
3,996,345 A 12/1976 Ullman et a1. 
4,351,760 A 9/1982 Khanna et al. 
In operation, When the reactant is in the reaction Zone, a 
reaction product is produced having a net electric charge 
di?cerent from the electric charge of the reactant. 
23 Claims, 30 Drawing Sheets 
US 7,118,907 B2 
Page 2 
US. PATENT DOCUMENTS 
5,151,507 A 9/1992 Hobbs, Jr. et al. 
5,231,191 A 7/1993 Woo et al. 
5,405,747 A 4/1995 Jett et al. 
5,449,767 A 9/1995 Ward et al. 
5,578,443 A 11/1996 Santamaria et al. 
5,605,662 A 2/1997 Heller et al. 
5,637,458 A 6/1997 Frankel et al. 
5,674,743 A 10/1997 Ulmer 
5,776,677 A 7/1998 Tsui et al. 
5,795,782 A 8/1998 Church et al. 
5,814,524 A 9/1998 Walt et al. 
5,863,502 A 1/1999 Southgate et al. 
6,191,266 B1 2/2001 Wang 
6,210,891 B1 4/2001 Nyren et al. 
6,232,075 B1 5/2001 Williams 
6,255,083 B1 7/2001 Williams 
6,376,181 B1 4/2002 Ramsey et al. 
6,391,622 B1 5/2002 Knapp et al. 
6,409,900 B1 6/2002 Parce et al. 
2002/0039738 A1 4/2002 Williams et al. 
2002/0042071 A1 4/2002 Williams et al. 
2003/0064400 A1 4/2003 Williams 
2003/0190608 A1* 10/2003 Blackburn ................... .. 435/6 
FOREIGN PATENT DOCUMENTS 
W0 WO 99/05315 A2 2/1999 
W0 W0 00 36151 A1 6/2000 
W0 W0 00 36152 6/2000 
W0 WO 00/67907 A2 11/2000 
W0 W0 00 70073 11/2000 
W0 W0 02/099406 A2 12/2002 
OTHER PUBLICATIONS 
Lyon et al., “Con?nement and Detection of Single Molecules in 
Submicrometer Channels” Anal. Chem, 69:3400-3405 (1997). 
Paige, et al., “A Comparison of Through-the-Objective Total Inter 
nal Re?ection Microscopy and Epi?uorescence Microscopy for 
Single-Molecule Fluorescence Imaging” Single Mol, 2(3):191-201 
(2001).3. 
Chou et al., “A microfabricated device for sizing and sorting DNA 
molecules” Proc. Natl. Acad. Sci USA, 96:11-13 (Jan. 1999). 
Fu et al., “A microfabricated ?uorescence-activated cell sorter” Nat. 
Biotech. 17:1109-1111 (Nov. 1999). 
Ha, T., “Single-Molecule Fluorescence Resonance Energy Transfer” 
Methods. 25:78-86 (2001). 
Xu et al., “Direct Measurement of Single-Molecule Diffusions and 
Photodecomposition in Free Solution” Science, 275: 1106-1109 
(Feb. 21, 1997). 
Casoli et al., “Fluorescence Correlation Spectroscopy as a Tool to 
Investigate Single Moleucre Probe dynamics in Thin Polymer 
Films” Biol. Chem, 382:363-369 (Mar. 2001). 
US. Appl. No. 60/214,714, ?led Aug. 24, 2001. 
US. Appl. No. 60/314,709, ?led Aug. 24, 2001. 
Ambrose, W. Patrick et al.: “Single-Molecule Detection With Total 
Internal Re?ection Excitation: Comparing Signal-to-Background 
and Total Signals in Dilferent Geometries”; Cytometry; vol. 36; pp. 
224-231 (1999). 
Asanov, Alexander N. et al.: “Regenerable Biosensor Platform: A 
Total Internal Re?ection Fluorescence Cell With Electrochemical 
Control”; Anal. Chem.; vol. 70; pp. 1156-1163 (1998). 
Castro, Alonso and John G. K. Williams: “Single-Molecule Detec 
tion of Speci?c Nucleic Acid Sequences in Unampli?ed Genomic 
DNA”; Anal. Chem.; Vol. 69; pp. 3915-3920 (1997). 
Davis, Lloyd M. et al.: “Rapid DNA Sequencing Based Upon Single 
Molecule Detection”; GATA; vol. 8, No. 1: pp. 1-7 (1991). 
Eigen, Manfred and Rudolf Rigler: “Sorting single molecules: 
Application to diagnostic and evolutionary biotechnology”; Proc. 
Natl. Acad. Sci. USA; vol. 91; pp. 5740-5747 (1994). 
Funatsu, Takashi et al.: “Imaging of single ?uorescent molecules 
and individual ATP turnovers by single myosin molecules in aque 
ous solution”; Nature; vol. 374; pp. 555-559 (1995). 
Hirschfeld, T.: “Optical microscopic observation of single small 
molecules”; Applied Optics; vol. 15, No. 12; pp. 2965-2966 (1976). 
Jett, James H. et al.: “High-Speed DNA Sequencing: An Approach 
Based Upon Fluorescence Detection of Single Molecules”; Journal 
ofBiomolecular Structure & Dynamics; vol. 7, No. 2; pp. 301-309 
(1989). 
Lee, Yuan-Hsiang et al.: “Laser-induced ?uorescence detection of a 
single molecule in a capillary”; Anal. Chem.; vol. 66; pp. 4142-4149 
(1994). 
Nie, Shuming et al.: “Probing Individual Molecules With Confocal 
Fluorescence Microscopy”; Science; vol. 266; pp. 1018-1021 
(1994). 
Nie, Shuming et al.: “Real-Time Detection of Single Molecules in 
Solution by Confocal Fluorescence Microscopy”; Anal. Chem: vol. 
67; pp. 2849-2857 (1995). 
Nie, Shuming and Richard N. Zare, “Optical detection of single 
molecules”; Annu. Rev. Biophys. Biomol. Struct.; vol. 26; pp. 
567-596 (1997). 
Plakhotnik, Taras et al.: “Single-molecule spectroscopy”; Annu. 
Rev. Phys. Chem.; vol. 48; pp. 181-212 (1997). 
Ronaghi, Mostafa et al.: “A Sequencing Method Based on Real 
Time Pyrophosphate”; Science; vol. 281; pp. 363-365 (1998). 
Schecker, Jay A. et al.: “Flow-based continuous DNA sequencing 
via single molecule detection of enZymatically cleaved ?uorescent 
nucleotides”; SPIE; vol. 2386; pp. 4-12 (1995). 
Schmidt, Th. et al.: “Imaging of single molecule diffusion”; Proc. 
Natl. Acad. Sci. USA; vol. 93; pp. 2926-2929 (1996). 
Tokunaga, Makio et al.: “Single molecule imaging of ?uorophores 
and enzymatic reactions achieved by objective-type total internal 
re?ection ?uorescence microscopy”; Biochemical and Biophysical 
Research Communications; vol. 235; pp. 47-53 (1997). 
Vale, Ronald D. et al.: “Direct observation of single kinesin mol 
ecules moving along microtubules”; Nature; vol. 380; pp. 451-453 
(1996). 
* cited by examiner 






U.S. Patent 0a. 10, 2006 Sheet 3 0f 30 US 7,118,907 B2 
FIG. 3 
U.S. Patent 0a. 10, 2006 Sheet 4 0f 30 US 7,118,907 B2 
FIG. 4 

U.S. Patent 0a. 10, 2006 Sheet 6 0f 30 US 7,118,907 B2 
COMPOUND CHARGE NAME STRUCTURE 
50 N = -2 F = +2 DBA-U-BQS-TAMRA X 
51 N = -2 F * +1 DBA-U-BQS—Oregon 500 
52 N = -1 F = +2 SUC-U-BQS-TAMRA X 
FIG. 6A 
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Scheme 1 ~ MQS component Scheme 1 _ BQS linker Scheme 3 - TQS linker 
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Scheme 7 - Peptide linkers (shown in Clo-N direction) Scheme 8 - Peptide Deprotection By Thrombin Cleavage 
FIG. 6F 
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FIG. 9 
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Mg++ Controls Electrophoretic Mobility of 
Nucleotides 
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33% DMF in Carbonale buffer 
pH 8.3 
56 
FIG. 12 (continued) 





































